This Journal section presents a real, challenging case involving a multidrugresistant organism. The case authors present the rationale for their therapeutic strategy and discuss the impact of mechanisms of resistance on clinical outcome. An expert clinician then provides a commentary on the case.
followed by reduced-intensity conditioning chemotherapy (anti-thymocyte globulin [ATG] at 10 mg/kg of body weight/day i.v., days Ϫ5 to Ϫ2 [Fresenius, Bad Homburg, Germany]; fludarabin at 30 mg/m 2 /day, days Ϫ6 to Ϫ2; and melphalan at 150 mg/m 2 i.v. on day Ϫ2) and allogeneic hematopoietic stem cell transplantation (HSCT) (day 0) accompanied by antifungal prophylaxis with posaconazole (200 mg p.o. t.i.d.) (Fig. 1B) .
Because of neutropenic fever and increasingly elevated C-reactive protein (CRP), a computed tomography (CT) scan was performed on day Ϫ7, revealing very small nodular opacities suspected of being fungal infiltrates. Antifungal treatment was initiated with liposomal amphotericin B (day Ϫ6; 3 mg/kg/day i.v.) (2) . Monitoring of serum Aspergillus galactomannan (GM) (Platelia Aspergillus enzyme immunoassay [EIA] ; Bio-Rad, France) resulted in a first low-positive test on day Ϫ5 (GM index, 0.9 [normal, Ͻ0.5]). The treatment course since initial diagnosis of AML, however, suggested chemotherapy refractoriness, with only a short-lived response to chemotherapeutic agents. The chance that the patient would stay neutropenic and 
d.).
The GM titer rose continuously and eventually peaked on day ϩ12 (GM index, 8.0). A follow-up chest CT scan revealed progressive fungal infiltrates. A bronchoalveolar lavage (BAL) specimen obtained on day ϩ12 presented small amounts of dichotomously branched and septate fungal hyphae but no evidence of a relevant inflammatory reaction. Therefore, administration of voriconazole was chosen after microscopy results led to a suspicion of Aspergillus spp.
Subsequently, Aspergillus fumigatus was cultured from the BAL fluid on day ϩ14. Routinely implemented susceptibility testing results revealed elevated MICs of posaconazole and voriconazole on day ϩ15. Azole susceptibility results were retrospectively confirmed in a reference laboratory by EUCAST broth microdilution (3, 4) ( Table 1) .
The condition of the patient declined further, and despite all efforts, the patient died on day ϩ15 in the state of multiorgan failure after allogeneic, unrelated peripheral blood stem cell transplantation.
At the time of death, the patient had only a low mixed-donor chimerism. Neutrophil engraftment could not be observed due to artificial increments with third-party granulocyte transfusions. Engraftment of platelets could not be observed either. This is accordance with administration of ATG in the conditioning regimen, where engraftments occur rarely until day ϩ15 after transplantation (5). Autopsy revealed invasive pulmonary aspergillosis with multiple fungal abscesses and invasive vascular growth (Fig. 1D) , as well as dissemination to the heart (Fig. 1C ) and the brain (not shown). No bacteremia or alternative reason for septic shock was identified. We conclude that the patient died of invasive aspergillosis (IA), despite extensive antifungal prophylaxis and treatment.
CHALLENGE QUESTION
In patients with febrile neutropenia undergoing allogeneic hematopoietic stem cell transplantation and on azole prophylaxis, which of the following statements is not valid?
A. Repeated positive galactomannan serum tests despite azole prophylaxis are suspicious for a breakthrough invasive aspergillosis.
B. Since azole resistance has not yet been shown for Aspergillus fumigatus, breakthrough invasive aspergillosis is generally caused by low serum azole levels. C. An alternative antifungal agent to azoles should be considered in cases in which an azole-resistant invasive aspergillosis is suspected.
D. In areas where azole resistance is known to be elevated in the environment, initial therapy of invasive aspergillosis should be started with a combination therapy.
TREATMENT AND OUTCOME
Voriconazole is the first-line drug for IA in hemato-oncological patients (2, 6) . The management of patients suspected of having IA as a result of a rarely occurring breakthrough infection despite azole prophylaxis is individualized, since no guidelines exist. Recommendations comprise a change of antifungal class to another mold-active agent (6) ; in the present case, liposomal amphotericin B was chosen. Antifungal combination therapy should be considered but was not initiated due to the lack of prospective data in favor of combination therapy over monotherapy, to the best of our knowledge. Other options are therapeutic drug monitoring of posaconazole prophylaxis to control serum levels or a change from oral posaconazole suspension to the retarded/extended release posaconazole tablet with substantial improved bioavailability. Mycological culturing and azole susceptibility testing of isolates obtained were performed as recommended, but cultivation often remains unsuccessful for pretreated patients.
For early detection of IA in the absence of a culture isolate, repeated positive or rising serum GM detection has a good positive predictive value for carefully preselected subpopulations at high risk (e.g., allogeneic HSCT patients) (7, 8) . Positive results should lead to a further diagnostic approach, including lung CT and BAL for fungal culture, since dissemination of Aspergillus often follows lung infection. False reactivity of GM is possible and can be due to an exogenous dietary intake (9) or non-Aspergillus fungal infections (10), whereas cross-reactivity between GM and piperacillin-tazobactam preparations seems to diminish (11). False-negative GM results are possible, too, depending on different factors, like the infection site, the presence of GM antibodies, pretreatment with antifungals, and other factors underlining systematic monitoring with repeated testing (8) . Recent studies show strong inverse correlation between GM indices and patient survival (12) , suggesting GM decay as a surrogate marker for all-cause mortality (13) . However, GM decreasing to a normal level as the single criterion is not sufficient for discontinuation of antifungal therapy (8) . Our patient reached a GM plateau on day ϩ5, which was maintained at a high level (GM indices, 5.6 to 8.0) (Fig. 1A) .
Development of invasive aspergillosis despite azole antifungal prophylaxis was previously attributed to mutation of the A. fumigatus cyp51A gene under treatment, e.g., at the G54 or M220 codon (14, 15) . cyp51A encodes 14-alpha sterol demethylase, the target enzyme of azole antifungal compounds. Refractory invasive aspergillosis is, however, becoming increasingly more common due to exogenous infection with resistant strains from the environment bearing the TR 34 L98H or TR 46 Y121F T289A polymorphisms. Such strains were first described in The Netherlands (16) but were retrospectively also detected in other countries (17) and have now been described to occur worldwide. The current hypothesis is that they have arisen from the extensive use of agricultural azole antifungals with a structural resemblance to clinically used compounds (18) .
Indeed, the city of Dresden lies within what has previously been identified as a corridor of increased environmental prevalence of TR 34 L98H and TR 46 Y121F T289A strains (19) across northern Germany. Sequencing of the cyp51A gene and its promoter region revealed the presence of the voriconazole resistance-conferring allele TR 46 Y121F T289A along with an M172I polymorphism in both the cultured BAL fluid isolate and fixated tissue from the lung (20, 21) . Genetic strain typing (22) identified this isolate as of the csp1 type t01 group. Since the first description of azole-resistant A. fumigatus bearing the cyp51A TR 46 Y121F T289A mutation in 2009 (23), that allele has been detected in environmental and clinical strains, including two from allogeneic HSCT patients in Germany (24) .
The additional cyp51A M172I polymorphism found in the isolate described here is present in the wild A. fumigatus population and is described throughout the literature in conjunction with several resistance mutations, as well as in susceptible isolates. It is not thought to have an impact on reduced drug susceptibility but rather appears to be a marker for phylogenetic spread of the resistance mutations. Independently of this case, an environmental isolate with exactly the same cyp51A and csp1 alleles, including the M172I polymorphism, has been found in the corridor described above (19) . We therefore presume a high likelihood of exogenous origin of the infection. A progressive dispersion of azole resistance is of particular clinical concern, since azole-resistant strains are associated with high case fatality rates (24, 25) . In the absence of management recommendations for A. fumigatus drug resistance in current clinical guidelines, an international expert opinion on the antifungal management of azoleresistant pulmonary IA (26) has recently suggested that the initial therapy regimen should be based on the local environmental azole resistance rate; in areas with azole resistance of Յ5%, the current guidelines for a voriconazole regimen should be followed, but in areas with resistance rates of Ͼ10%, initial treatment with voriconazole plus an echinocandin or liposomal amphotericin B (26) should be considered.
Azole resistance in A. fumigatus is an increasingly important phenomenon, leading to breakthrough infections despite prophylaxis with mold-active, azole-based antifungals (for the challenge question above, answer "B" is the statement that is not valid). The consequence may be an inappropriate or delayed therapy with a higher rate of therapy failure/higher fatality rate. Especially in regions with an increased environmental prevalence of resistant strains, mycological culturing and azole susceptibility testing of isolates obtained should be performed in high-risk populations at the earliest time point possible to detect elevated MICs of azoles. Single itraconazole testing as an "indicator substance," as previously proposed for the detection of the TR 34 L98H mutation, must be considered inadequate for the detection of derivatives of the TR 46 Y121F T289A mutations, since low itraconazole MICs are described here and elsewhere (24) for isolates with these mutations. Diagnostic PCR assays for directly identifying cyp51A alterations from clinical samples have been developed (21) . These can be implemented to facilitate earlier detection of frequent resistance traits independently of a culture isolate.
COMMENTARY
Rößler et al. present a very instructive case of a patient with acute myeloid leukemia (AML) and hematopoietic stem cell transplantation (HSCT) infected with an azoleresistant strain of Aspergillus fumigatus.
The case clearly showcases this patient population as at high risk for invasive fungal infection and exemplifies the complexity encountered in contemporary clinical settings with cutting-edge diagnostic tools. Per international guidelines, the patient received prophylaxis with posaconazole (27) when he experienced breakthrough invasive pulmonary aspergillosis identified through a combination of computed tomography (CT) and serum galactomannan (GM) level. The patient was then treated with liposomal amphotericin B followed by voriconazole. After an initial response, the patient deteriorated, and then salvage maneuvers, such as granulocyte transfusion and caspofungin therapy, were attempted. The patient eventually grew A. fumigatus for which the MICs of both posaconazole and voriconazole were elevated. The strain was eventually genetically characterized and found to have a well-described mutation that confers azole resistance. Unfortunately, the patient died, and the autopsy showed invasive pulmonary aspergillosis with multiple fungal abscesses and the classic vascular invasion by these fungi.
This case is instructive because it highlights the increasing problem of azole resistance in patients with invasive aspergillosis (28, 29) , which is thought to be related to the use of agricultural pesticides and the selection of these strains in the environment as well as increasing azole use in clinical settings. It also highlights invaluable diagnostic tools, such as CT and both serum and bronchio-alveolar lavage fluid GM (30, 31) , as part of the contemporary management of this disease, both in terms of diagnosis and monitoring for progression or resolution of the disease (32) . Finally, it also reminds us of the importance of postmortem studies, a disappearing trend, in determining the cause of death and quantifying the burden of disease that the patient experienced. The message is loud and clear: azole resistance is on the rise (28, 33) , and centers that routinely deal with these complex hosts should be screening for these organisms.
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